Porcine epidemic diarrhea virus (PEDV), a member of the family Coronaviridae is an enveloped and singlestranded RNA virus [10] . It causes severe diarrhea in pigs, especially in newborn pigs. PEDV and transmissible gastroenteritis virus (TGEV) are not serologically related to each other, though both infect digestive tract and induce very similar clinical signs [5] .
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The objectives of this study were to identify a cellular receptor in permissive cells using VOPBA and to determine whether the PEDV infectivity would be enhanced by soluble porcine APN treatment on Vero cells.
The continuous Vero cell line (ATCC, CCL-81) was regularly maintained in α-MEM (minimal essential medium) supplemented with 5% fetal bovine serum (FBS), and 2% antibiotic-antimycotic agent mixture (penicillin, 10,000 IU/ml; streptomycin, 10,000 µg/ml; and amphotericin B, 25 µg/ml; Invitrogen, Grand Island, N.Y.). PEDV strain KPEDV-9 which was used for this study has been endorsed to the Green Cross Veterinary Product Co., Ltd. (Suwon, Korea) for manufacturing PEDV live vaccine by the National Veterinary Research and Quarantine Service (Anyang, Korea). KPEDV-9 was propagated in Vero cells with virus replication medium (VM), α-MEM supplemented 0.02% yeast extract, 0.3% tryptose phosphate broth and 2 µg of trypsin (T-VM), as described previously [22] . And KPEDV-9 was propagated in Vero cells with VM containing pAPN (A-VM) instead of trypsin. ST (swine testicle) and PK-15 (porcine kidney) cells were grown in MEM supplemented with 5% FBS, and 2% antibiotic-antimycotic agent mixture. TGEV, Pyungtak 45 strain was cultured in ST cells.
7KH PRQRFORQDO DQWLERGLHV IRU YLUXV RYHUOD\ SURWHLQ ELQGLQJDVVD\923%$RI7*(9DQG3('96SURWHLQ ZHUH SURYLGHG E\ WKH 1DWLRQDO 9HWHULQDU\ 5HVHDUFK DQG *Corresponding author Phone: +82-2-880-1255; Fax: +82-2-885-0263 E-mail: parkx026@snu.ac.kr 4XDUDQWLQH 6HUYLFH $Q\DQJ .RUHD 3RO\FORQDO DQWLERG\ WR 3('9 ZDV SUHSDUHG LQ UDEELWV XVLQJ .3('9 VWUDLQ >@ $QWLS$31 PRQRFORQDO DQWLERG\ ZDV NLQGO\ SURYLGHGIURP'U'HOPDV,15$)UDQFH)RUWKHDVVD\ RI EORFNLQJ RI 3('9 ELQGLQJ WR S$31 DQWLS$31 SRO\FORQDO DQWLERG\ ZDV SUHSDUHG LQ UDEELWV XVLQJ S$31 HPXOVLILHGZLWK)UHXQG ¶VDGMXYDQW
The method of Kessler [17] was used to prepare the brush border membrane. In brief, the small intestines of 10 days old piglets were collected and rinsed 7 times with cold saline. Mucosa was removed from the tissue by gentle scraping with the edge of slide glass. The tissue was placed in a volume (9 ml) equivalent to three times the weight of tissue (3 g) of mannitol buffer (2 mM Tris-HCl, 50 mM mannitol, leupeptin (1 µg/ml), pepstatin A (0.7 µg/ml), trypsin inhibitor (2.5 µg/ml), and 0.1 mM phenylmethanesulfonyl fluoride (PMSF)). The tissue was homogenized and diluted with five volumes of mannitol buffer (50 mM, pH 5.6) and homogenized once again. The final homogenate was incubated for 20 min on ice in the presence of 10 mM MgCl 2 and then centrifuged at 3,000 × g for 15 min. The supernatant was collected and centrifuged for 30 min at 27,000 × g. The pellet, representing the crude brush border membrane, was washed once by using the mannitol buffer and stored at −20 o C until use. Porcine APN (pAPN) was purchased from Sigma (USA). The powder form of pAPN was rehydrated and diluted to optimal concentrations for each experiment with phosphate buffered saline (PBS, pH 7.4) for each experiment. All protein quantifications were performed by using BCA protein assay kit (Pierce, USA) according to the manufacturer's instruction.
To identify cellular proteins involved in PEDV binding, VOPBA was carried out. In brief, membrane proteins of cells were separated by SDS-PAGE. Cellular membranes of porcine brush border, ST, Vero, and PK-15 cells were boiled in 4X nonreducing sample buffer (4% sodium dodecyl sulfate, 10% glycerol, 0.625 M Tris-HCl, pH 6.8) and loaded on 8.5% polyacrylamide gels. After electrophoresis, the proteins were transferred onto a polyvinylidene difluoride membrane (PVDF, Nen Life Science, USA) at 45 V for 17 hours at 4 o C in a buffer containing 25 mM Tris, 192 mM glycine, and 20% (v/v) methanol. Nonspecific binding sites were blocked by incubating the membrane in PBS containing 5% skim milk, 1% bovine serum albumin, and 0.05% Tween 20 for 1 h. The membranes were incubated for 1 h with PEDV (10 5.5 TCID 50 /ml) or MEM, as a negative control, containing 20 mM HEPES (N-2-hydroxyethyl-piperazine-N'-2-ethane-sulfonic acid) and 0.2% (w/v) sodium bicarbonate. The PVDF membrane was washed three times for 5 min each with PBS containing 0.05% Tween 20 (PBST), and incubated with normal mouse serum or PEDV monoclonal antibody. After washing three times with PBST, horse-peroxidase labeled goat anti-mouse IgGs (KPL, USA), diluted to 1 : 5,000 in PBST, were added and incubated for 1 h at 37 o C. Finally, substrate (ECL Western blotting detection reagents, Amersham, USA) was added. Developing was performed on the ECL film (Amersham, USA). As a control, VOPBA of TGEV was performed in porcine enterocytes using the same method as VOPBA of PEDV.
To detect the binding of PEDV to pAPN, direct virusbinding studies were carried out by enzyme linked immunosorbent assay (ELISA). A micro-ELISA plate (Nalge Nunc International, USA) was coated with 0.5 µg of pAPN per well in carbonate-bicarbonate buffer (pH 9.6). After overnight incubation at 4 o C, it was washed 5 times with PBST. Blocking step was done using 3% gelatin in PBST. After washing, 10-fold serial diluted PEDV infected cell lysate (10 5.5 TCID 50 /0.1 ml) or mock infected cell lysate with PBST was added in 100 µl volumes, and incubated for 60 min at 37 o C. Before the binding assay, PEDV and mock infected medium had been centrifuged 12,000 × g for 30 min to remove cell debris. The plates were washed and subsequently incubated with 100 µl of 1 : 50 diluted PEDV monoclonal antibody at 37 o C for 60 min. The plates were washed and further incubated with 100 µl of horse-peroxidase labeled goat anti-mouse IgGs (KPL, USA) for 60 min. After washing the plate, ABTS substrate (2 mM 2,2-azino-di-3-ethylbenzthiazole-sulfonate in 20 mM acetate (pH 4.2) plus 2.5 mM H 2 O 2 ) solution was added and incubated for 20 min at room temperature. The reactions were stopped using 0.5 M H 2 SO 4 and optical density was measured at 405 nm.
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The effects of pAPN on PEDV replication were investigated in Vero cells. KPEDV-9 infected Vero cells were grown with A-VM in an experiment I. Vero cells were pretreated with pAPN before PEDV inoculation in an experiment II. As controls, KPEDV-9 was propagated in T-VM as described in a previous study [22] .
In the experiment I, after inoculation with PEDV at a dose of 10 3.7 TCID 50 , Vero cells were incubated in the A-VM with pAPN concentrations ranging 0.024 pg/ml to 2.4 pg/ml. In the experiment II, Vero cell cultures were pretreated with pAPN at the concentrations ranging from 10 ng/ml to 1 mg/ml for 1, 2, or 3 h at 37 o C. The cultures were washed three times with PBS and inoculated with PEDV at a dose of 10 3.7 TCID 50 . After adsorption at 37 o C for 1 h, the cultures were washed three times with PBS and fed with VM. Virus showing 80% cytopathic effect (CPE) in both experiments was harvested and titrated.
